Abstract-The oxidation of uranylchloridewas investigated by thermoanalytical and X-ray diffraction methods. U0 2 CI 2 reacts with oxygen according to 3U0 2 CI 2 +0 2 ....,. U 3 0 8 +3CI 2 • The surface reaction controls the rate. The activation energy and the frequency factor of the reaction were calculated.
INTRODUCTION
URANYLCHLORIDE (U0 2 CI 2 ) is a secondary product in the course ofthe chlorination of U0 2 [1, 2] , to UCl 6 and an intermediate product [3, 4] in the course ofthe oxidation of uraniumtetrachloride (UC"') to uraniumoxide (U 3 0 S )' Consequently the behaviour of U0 2 Cl 2 strongly infIuences the chlorination and oxidation process. The processing of nuclear oxide fuels by chlorination includes as weIl the chlorination of U0 2 C1 2 to UC1 6 as the oxidation of UC4 to U 3 0 S ' Hence all factors infIuencing reaction rate, yield, and purity of the products should be known weIl. It was the purpose of this work to obtain more information about the behaviour of U0 2 Cl 2 in order to establish the design of such processes and their installations.
EXPERIMENTAL
The U0 2 CI 2 -powder was prepared by the reaction of hydrochloric acid with uranylnitrate [5] . The product was carefully dried and screened. All manipulations were carried out in a dry box. Vacuum sublimation was not possible because of decomposition. The DTA-investigations were conducted on a Netzsch-apparatus. The TGA-measurements were performed on a Sartorius-thermobalance as formerly described [4] .
Usually 30-40 mg of U0 2 CI 2 (150-250 JL particle size) were oxidised in a Pt-crucible by dry oxygen at 760 torrs. After the run every sampIe was examinated by X-ray diffraction investigations. Figure 1 shows the TGA-curve of the oxidation of U0 2 Cl 2 to U 3 0 S ' The' weight loss of the sampies up to 120°C was attributed to the desorption of adsorbed gases.
RESULTS
The oxidation reactions started at 390°C. Near 450°C the slope ofthe curves were changed a little as marked by two arrows.
The curves indicate that isothermal experiments can be performed between 390°and 490°C.
The DTA-curve (Fig. 2) shows an endothermal peak in the range of 440-540°C in agreement with the results indicated above. Electrochemical The isothermal curves are illustrated in Fig. 3 . At 400°C the reaction was sluggish and only small amounts of U 3 Ü 8 were formed at the surface of the partieIes. The reactionreached appreciable rates at about 410°C and proceeded very rapidly at 490°C. Figure 4 gives a plot of log 1/0 -x)(x = per cent of conversion __oL.uQ2-C1J-againsLtime_In-ap..-y-cas~th€---CllP!~s-taFt~Q-as-s-tFaigl1-t-liRes-wme-n>-----indicates a first order reaction with respect to Uü 2 C1 2 • Mter some minutes the slope of the lines increased suddenly; that means a second first order reaction followed somewhat faster to about 90 per cent completion of the reaction.
Up to 440°C the reactions were strongly delayed by a diffusion process which followed the two first order reactions. At temperatures higher than 440°C the curves started also as straight lines for a few minutes. Later on they were no longer linear and increased more and more in dependence on reaction tempeniture.
From the curves the activation energy was ca1culated to be 39·9 ± 0·2 kcalf mole and 43·9±O·2 kcal/mole. The frequency factor was estimated to be 10 11 and the diffusion coefficient to be 10- at 80 and 760 torrs showed no marked differences. Thus the influence of the oxygen pressure at the reaction rate constant and activation energy can be negglected in the range of 80-760 torrs and 20-500°C. X-ray examinations showed different amounts of U0 2 C1 2 and U 3 0 8 which corresponded to the degree of conversion. U0 2 could not be detected but at reduced pressure it is formed very rapidly at 300°C [4, 8, 9] . DISCUSSION U0 2 C1 2 reacts with oxygen according to:
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The controlling steps are two successive first order reactions with respect to U02C12 which indicates that the surface reaction controlled the rate. The second first order reaction proceeded somewhat faster. This acceleration was caused by an optically observed destruction of the particles which increased their specific surface.
N ear 440°C the decomposition: started and surpassed the rate of the oxidation reaction in agreement with the behaviour in the course of the oxidation of U C4 to U30 8 and literature statements [8, 10] . Usually the velocity of a spontaneous decomposition depends on nucleus formation and crystal growth which follow an induction time [ll, 12] as observed in this case too. According to investigations of several authors the oxidation of U O2 to U~SL..-_ very fast at 390°C [13] [14] [15] . This explains the absence of U0 2 in the X-ray diagrams. However, in a few special cases there were indications that some U0 2 was present.
Nevertheless, a marked different activity of U0 2 Cl 2 must be stated. As previously described [4] the coating of U0 2 Cl 2 is stable below 450°C. In this work U0 2 Cl 2 reacted slowly up to 400°C. Therefore, it may be concluded that the U0 2 Cl 2 formerly formed indeed. a very regular and tight layer on the UCI 4 -particles which prevented the oxidation. As additionally reported [4] the oxidation of UCl 4 -particles (particle size 300-500 p.,) was very sluggish and did not form a tight and coloured layer. In this case the oxidation of U0 2 Cl 2 to U 3 0 8 reached the same rate as the oxidation of UC4 to U0 2 Cl 2 . Hence, the change of colour (black-green to yellow) did not occur.
CONCLUSION
Conceming the problem of handling U0 2 Cl 2 in achlorination process of reactor oxide fuels the present knowledge allows now to predict and to govem the behaviour of U0 2 C1 2 . In contrast to U0 2 the U0 2 Cl 2 reacts slowly with a mixture of CI 2 /CCI 4 [1] . Therefore, the concentration of U 02Cl2 increases at the end of the chlorination reaction. This concentration could be decreased by interrupting the chlorination foll()wed by athermal decomposition of U0 2 Cl 2 above 440°C or at 300°C and redu2ed pressure (~20 torrs). The same method may be applied during the oxidation OfUC4 to U 3 0 8 when the reaction is delayed by a layer ofU0 2 C1 2 . In any case this procedure will supply a renewed active surface of the material and a shorter reaction time.
